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Docket 1480 CTouchstonLei) 

CaFboii:loW Abrasives 



The present inv«tt#Oii>i^Iates«jto ei^^^^ aailiiiidre 

paPticularly to coaI#ased carbon foams t^^^ botiilea abrasive 
nuterittls. 

There exists a con^Ming nee^^^^ 
nliiterkils tiiat 6xliiglt^lil#isWengtKlav9^^ 

appliei^on in snch areas as the ptoi^hii#^^ for nse in cathoilfe rs^^ifl^s and 
the like. 

U.S. Patent A|«^lieimonSeiaA*©^^ Sled ©s^aiber;^ W9 
and entitled, «eoafe«jise#earbon#iaiiis des<*a^^ a feriii^ of iwgh streiigthi, 

carbon foams baviflg* densi«y «f W##^ 01 gfeiii- ai*#«bftttt®i8 
g/ciii* produced lQ^^tl«eic<w^ 
non-oiMizing atmosphere* The coaife^a^d calb^^ 

with the niethpd d^ci4bed in fli^^^^ cai5bonizedi#i|d grapKi^d to 

yield very strong carboifcfoams thjW arej e^^^^ resistant to osdiiition^aii^ 
abliition. r 
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The carbon foai»s described eidiibit coliipfCssivfe 



strengths tip to about ( 
properties. 



and untiteiited demonstrate significant abrasive 



Objeel of Ibe Jfi^eudon 

10 it is an object Of the present toven^^^ 

the carbon foanl iffiate^als of the ^tf^ft^^ Appcation?S^rial No. 

09/453^729 without adversely affeclin^^ 



IS. 
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it lias nOwibeenvdiscOyered^iat#|e! in?^^ of fromi^outt it^>«about 
li^volttine percent of liJ«ai^^^ 

findy powdered^nMntoithe ii^ taateriisafidescrfliy^ih 
aforenientiohed Jippiifca^oh m 

maMals^on ibiKttiii^c:^©!^^ Sucit«bides are of 

coupe wdlfcnom«abrasi?i'es and theii^^ «»e ali^eady higMettpi, 
03|idation resistant and 4ttherently aiIiSi^0n resistant carbon foams previous^ 
described resiilt^iii^gnifilc^^ 
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Figure 1 is a grapii showing tlie heat treatment temperature for thie vaivious 
pbases of flie production process usei^^^ti^ ftKirication off the abrasive ckibo^^^^ 
5. of Ute present invention. 

Deti#einesc^|itioii 

U.S. Pafent Application Serial Niiiiiber (»/453,729 fliied ©eceililier 2, 
1999 and ciitittedv"CoiaifeBasedGai«l)d^^ 

reference in its entirely, desciibes ail^iMii||^^df?^l^ strength^ carbtflKfoiaifi^lt#&^ 
density of pi!eff(eral>lyjbet*if'een aboiit p*#^«ni' and^^^ g/cnl^i,rod«iB^%y flie 
controUed lieating of coal^articuiat^ under a npn-oiiiiaing atii*^ 

I9ie e<^ali^bascNi^ caa^boii#iUii$ pr6d|i^#d»i^^^ 

this application are ca^boiiiMd an<ijgrj«ffliiti?ed^ very strong caiOjbwifoains 
titat are eiiitemely re^istaht to o^iMon^^^^ 

more so wh«D produced-Ui: accordaiice wlj^ the method describedfhereinv 

TheproceSS'desclibedittlMs appUla^ aic«i(^pa#ie#te of 

20 preferably small Le., less«^anvaboat;J^!ii^ «inel#* an#iitt#^ a 

non^'opl^zing atmosphere at a^heatiup rial^ of ironi5a;bOut 1 to aboiit 2&^E toi a 
temperature of between! ia>out300liandibput7(^ 2) soakingjat a tempeiNittoefof 
between Jibttut aOftJiand TOiiD^e for froin^about# minutes up to abfliut 12;hdurs to 
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form agreen fom^and 3) contrdUrfjiy G0^^^^^ 

below about 10d*G. Accoi^fUng to th« metliOd diescribed4n tile aforieinentiotied 
a^ipiicatioii j tiie green foam is subseguen% preferably carbonizedi^by the 
appUcatioii of known techniques, for exaiiiple, soaMiig at a temperature #bet*veen 
5 abinit 800^e and about 1200?e for fttpieMipd iOf from a^ 1 to alMaiat' 3 hoiirs^ 
AliMidu^ this is thevpr^ferred tempji^^ 

can actually occur at;tiemperatur^#0tvi^jeen^ab«>ttt^OO'^ and 166ii?€. 
Gr^hitizfMiiinv c^amiojaly^involves^h^^ 

carbottizatipn at a hieisttup ^^ate of les$ thiji^s^ fO? € |)er nunut0^pref#4)|ly ifi? 
10 about 1" C to about 5^ C per miniii^ to a$t«mi^ra(^^ 
andabout 3000** € k an^jatmos^ 
less than abdutvone^hour. Again, thednert^asM^^ 
ranging from about O'psi-up to a few (afii^ 

15 the temperature i^gjes f^^ 

described m the alo^ 
slM»wngr^Mcidl^^^t*$g^ 

resistance to' osMatioitvaiMll^tibl^oA^i^^ lortheir o^ivnifigl^ 

20 It has now been discoirered#'at |he4nci^^^^^ or blendi% of #Ojp jsb^^^^^ 

1 to about 16% by A'ojume of a "carMde preciirsor'' powder, preferably on!#e ordter 
Of < 100 nMcrons^n size^^y^ the c<dlali|»ai4iciil|ite s^^^ materiM and the 
subSequent:produ#Qn ^^feicarbon fo 
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'Iterein, results in a carbon ioam lliati sigiiifieaiilly enhancc^^abrasive 

characteristics typical of those required in^the pplishi^^^^ for example glasis^ in the 
manufacture of cathdde ray tubes. 

, 5 ^Carbi^ precursors^' of Iheit^e^ttseful^ wMit^th^pi?e$0iit 

invention include but are not Ui^ materials as siUcon that forn^ 

carbide, tungstentliatibrms tungst^ andtitanium^hat foi^ dtaiiiiim 

carbide during esdcinaUon^ and gr 

material capable of reacting with carbon tduring^ and^graphidiiKtf 
10 operations as described herein to form an abrasive carbide; t^ is Reaction 

bonded" to the cai4)^pn^ioam^skeletoii^are^i^ for ag|^atki»n#4he 

abrasive cwbon Ibams desci^ed bondj&d'^ cai^idi^ totii^ 

those carbides thatare reactively^boiM^ or jilidetdtt^ 

the foain^ caldnaldon aii^grapbidxii^ tO'^ijDedl&rl£a^^ 
15 materials that ndgli^ siinply b 

romiai[iN& <iidriin^acie#s^^ uiibioMed|wilhe^^^ 
carbon^^ajiii>rodiict 

l^e method of pro#icin 

20 comprises initiaUy: l)^eatiiig a co^^ sniiill^ i e. li^ss^fiiui 

about Ya inch partide size^^blended^ lOi^Mume^percisnt^^^ 

a '^carbide plrecursor^^ov^r in^^^ "^itiold?' and u^ or n!6n>^o:sdd^ 
atnu^phere at 
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between! aboiit SOO^aitidfiatbiM^ teinpei^re of ^etwe^ii^iito 

300^and^^00^C for li^nt about 10 to ii^m a^giteen 

foam*'; 3) €ontF6Uably cooQiig the ^'gree^^^^ a temperature below about 

100^; carbjOiiiziiig the>green atpdsplieFe to 

5 produce a carboiiisgei^ foaih; and gF^^ltiti|mg. Ihe inert or non-opjdlziilg 

atmospbiere msiy beprovided^by^the^iiil^ or hon^OiP#EUi|^ig$s^Mto 

tbe -incdd'' at a pressure of^foom^ a^ 

psL iiii^ gas usied^ 

gases sucb as nili^gen^ helium^ argoii^/G%; etc. 

10 

It is generallj^not desii^able t^at^#^ be vented oi^leak 

duimgtliisheatiiigaiid^sos^^ Tb^pressttreof thec^^ber-a^ 

increasing volatile content therein tc^ds^o retard lurtber^volatilizi^^ 
ceUttlaii product sinvters-at^^ MiliefUt^ 
15 diamber is vented^ or Ic^aAcs^dur^ ian itiisufi^c^ient amount t»fvolia^ie ^m^tter 

may be present ^o p^rndt ittter^^ coM p^rti^ti^^ tbiis^#e$i^^ 

in;^^iFiiiadon^ 
Tbus, according: toia^prc^ii^^ 

leakage of non-0xidi^%;gas^^nd:^ge^ is iidiibiited cb^litent vviib^^^ 

20 production of an a^ci^able c^ 
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Additional more con^eiitioii^i^^ may be added^to (he 

particulate priar to eiqiansibn to* enliliante or othciFwise modi^ the fore^^fdrdiilg 
operatioii. 

5 The term^mo^ any mfeii^^ 

pnMdihg coiitFoU^#diaii^sid^ 

contalniag the foaiiii|ig;Oper$tionv Ihiis^rapiy chafiifoer iiito i^hich the coal 

pai^ulate aiid-carbide pr^ to or diirtng h^alii^ 

whiicli^ upon Ihe foam precuFsor attaining 1^^^ expansion tempe^^^^ 

10 contains the expanding cai^bon to someipFedetermiiied con%urati6ii such^as:^ a flat 

sheet; a curved sheet; a shaped objeilt; a building block;^ a rod; tube or aiii;fr other 

desiried solid sh^ec^ 

tnvi^tion. Ifte terni^^^^^ 

evm an^open to|^ed^c0ntm^ 
15 suc^ a device is contaiii^ 

foainiing^as d^scii^ 

some particular near net or ■ net sha||e4s jjpiai^ 

As wiU be apparent:to the sl^0^ai^an^lami^ with pressiirizedfgas 
20 release reactions^ as^e:;pressure'in:^ case^the mciid 

increases, from O- psi^to^ 500#si, a$ iihp0S(#%y the inert or non-oxidvdilg^g 
reacttpfli tinie wiU ih^crease'and^i^ tbi^^pi^duci^d porou^^coid' vvvU^i^^ 

as the size of the ^^biul>l^tes''^r pot^esij^roiduce ei^anded cai^bbn^decireiis^; 
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' SiniUariy,al«wsoafctem|M*^ 

poreor*»bblesizea«dcowen%«less.^^^^ 

also a^tpore size, a^slerlieafcup i^^^^ 
5 consequent a denser e?pMiiied coal#i:od«cttl«an.a slo«^l^^ ^»ese 

pl«n»menona,^.ofeoi«*^^^^^ 

are afifected, as just descri^^ by fl^^ 

rateatwMditl«*1»5mp0r^^ 
custom produce the*3g»^ 
10 con«i«Ufed densijaes, strengt&s etc. 



€ooM|ig «f flie 
as it may results ci^ekiiig^ftherecff^ 
^^desirable thenuafcstresses. GopIi#r,it^les^aian l«-^ 
atoouttOO^ G arc tj^^ usedto W^eii^^^ tbermafcsbodc. 
Soinfi^atMgher,^^^ ^"^^^ beii^e^ 

obtMn a **seiled.ski|i?'^o^ as^^cr^i^. 
the rate of coolingibeto^f 00** C isfi^n^ay cri^ 
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After eKp*tod^^ca«*on^fe^ ssijust described, tbe'^greeii.&a^ is 
an open celled material. Seyeral t^^ljpes have been develope#for "sejaii^ th« 
suffece^f flie open.ceHfe#s^^#^^ capabUities for fiii^her 

ft*peation and assembiy.ot m»r example, a Kiyer of^ 
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€oimnercially availtdijte adliesi^^^r example an epoxy^graipMt^^ 

can be coated onto tile snrfaLce wd cUr^^^^^ 

at room temperature to provide an adherent skin. Alternatively, the expansidn 
operation can be inodifi6d% cik)lm e^jgv^ at a rkle^ 10^ 

5 CVmin or f^ter fter ei^^ It tips#^ dlsji^ 

modification ;results4n4he^rmatio# on the *^reeii ^iNn" 

wMch presents a elosedpore^suliacefto'ti^ At these cqqaili^ 

rates, care must be e^ibeised^^ 

to After expanding, the ^green^ain?^ is resLdny machineabley sawable an^d 

olberwise readily fobricated using conventiom^ techni^es* 

A variety of a^ditiyes^and stiiii^^ added to the carbon 

nmterials of <heipres;ent4ii^^ after eiqpipinsion!^ 

15 specilic mechanical prdpeiities such toughness and 

impaet^resistance^ lg)6r'exMn^ei; pai^^ 

appropriate carboliaceous^oi^ xeramlc^ cdmposilion can be incorporaitfed^iiito 
abrasive foam to eidianee^ts^^raechaqlc^ 

20 The abrasive ioants of ^tfae pi^s;eii^iiiventioh can addteion^Uy be iiiipr^gnai^d 

with^ for example^ peti?ol^ other polymers using a vi^iium 

assisted resin transfer lypie^fproces^; iheiincorporation of such additives provides 
loadtranisfer^advantag^ darbon- ^oinposite 
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inateiiAls. in eifcct a Sr^D coinposltetep^^^ 
impaist resisttoceasid IteadifesftSfer 

the cooling!Step*^^in«th«'ei^ansj6n^p^^^^ in siome relitiVfeiy ttttii'iiiial 

shrinkage on the order of Itess than jit»ipu«'f % and generally in the ninge of frdm 
afooiit 2% to about 3%. This shrinkage iniist be accounted for in the prodiMSliiJn of 
nearnet shape or fiiBil products of speei^e dlniensions and is rea^y deteroiin sibte 
thr^ufb trial and error wth^^^^i^^^ 

The $hrink9ge may^e further mipift^ theaddiaon of some^ittei^ sttlid 
material such as cokep afttclesi cerairde piii^^^^ ground waste from the coat 
expansion process ete. as is commonipraciiee in eeraodc f abricatioh. 

According to the method Of the P^^^^ 
prodiietton of the *'^een fOtfm" ais |ii$t!d<^eribed, the "gree» foani?' is subjected to 
15 carbonization and graphitization jwkhin^the controlled conditions diescribedbeiow 
to obtiiln aeabrashtefojim of 

Carboni2»^0nv sometimes rife^ is conventionally 

performed by headSpgfthefgreenfoi^uiider ait appropriate inertogas at a fae#^p 
20 rate of less than about 5«^G 

and about 14iOO"C Ji!id prMerab%^ 

soaidng for from about 1 hour to abou^^^^ Appropriate inert 

gases are those d€seriM #ov« thjiit arei^^^^^^ l»igi» temper^turesi The 
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inert atmosphere is suppUed at a pressure ol from ab^ to a few 

atmospheres. The carbohlzatton/cal^inafion process serves to remove all of flie iiioii?- 
earbon elements ipresctft in the greenifoamsuch as sulfur^ oxygen, hydrogen^ etc. 

5 Graphitization, commonly in«(tflv^sh«atiii^^^ tttecarbon foamsdiher 'brfiprB or 

after cat^bonization athcat^ rate oili^^ 10** C per mipite, prel^riabty 

from about 1^ C to abotot C per n^iiiitei »o a temperaturei of bcti*een iffiftttttlf to** 
C jm#abottt3OP0** €iin anjfa^^ and soaffldiig foraipipriod 

of less than about o«<5 h^^^ 
10 rsmging from about'O psi up to a^f^^^ According to a^preferr^ 

embodiment of the process described herein, the abrasive foams of the pre^^t 
in¥eiitidn are prodjiii^ed^br^eqiieiiti^^^ i^id^iheii grapiiii^glhe gfiecin 

foam as described above. 

15 As the: invention has been de#ipibedi^ it v^^^ to those skillied^iii the 

aHlhat the simie mi^^ vai^cdtai #«rtyi^^s 

scop^ of fte invention. Any and all ^SiichiWdifiipa^^ intended*^^to be incliidied 
within the scope of the appended da^nis^ 
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